The terracing of vineyards has been a centuries-old traditional land use type in the Tokaj-Hegyalja region (887 km 2 ). However, most of them have since been abandoned and are occupied by dense vegetation. In this study, we mapped the spatial extent of vineyard terraces, based on aerial photos. We classified the terraced fields, considering their topographic characteristics as assessed by topographic factors (slope, exposure and elevation) and the process of abandonment between 1784 and 2010 using historical and contemporary land use maps. Based on the overall map of vineyard abandonment (scale: 1:120,000), the process of the abandonment of terraces can be divided into six consecutive time intervals (1784-1858, 1858-1884, 1884-1940, 1940-1969, 1969-1989 and 1989-2010). Vineyard terraces were found on 590 ha, which were concentrated on hillsides steeper than 17%, on southwestern, southern and southeastern exposures, and lying between 150 and 500 m a.s.l. In the period between 1884 and 1989, 77.8% of the terraces were abandoned, with a particularly intense period of abandonment between 1940 and 1969, which saw a 31.1% decrease in the extent of cultivated terraces.
Introduction
Terraced landscapes occur widely all over the world, from the rice terraces of China to the arable lands of Peru (Petit, Konold, & Höchtl, 2012) . In Europe, and also in Hungary, terraces were built primarily for vine cultivation. Vineyards represent one of the most extensive of the agro-ecosystems which cover the mountainous and hilly areas of temperate climate regions (Stanchi et al., 2013; Tarolli, Preti, & Romano, 2014) . Viticulture has a tradition stretching back hundreds of years in Hungary, and this is also the case in the Tokaj-Hegyalja region (Balassa, 1991) . The vineyard terraces with retaining walls show a close interaction between nature and human beings, resulting in the creation of unique cultural and aesthetic values which have become part of the cultural heritage of the country (Nyizsalovszki & Fórián, 2007; Tóth, Endrődi, & Horváth, 2014) . The first use of terracing in Central Europe is presumed to have occurred between the tenth and the thirteenth centuries (Petit et al., 2012) , while in Hungary the first written evidence comes from the seventeenth century (Balassa, 1991) . In spite of being mentioned in written documents, we know of only a very few cases where they appeared in early cartographic materials (Anonymous, 1714; Golenics, 1833; Sárospataky, 1789) .
Their illustration in historic or contemporary maps was not considered relevant, and only a few maps of landlords' estates from the eighteenth to nineteenth centuries represent exceptions to this rule within our study area; in these cases, the maps featured symbols representing retaining walls, or sometimes a written indication, for example, 'stone retainer' and 'deteriorated stone retainer' (Anonymous, 1714; . On modern topography maps, vineyard terraces are marked by gaps in contour lines and by notation for some stone walls, but their spatial extent are not accurately shown.
Land terracing with retaining walls facilitates cultivation on steeper slopes by decreasing slope angle, retaining more water and reducing soil erosion (Lasanta, Arnaez, Oserin, & Ortigosa, 2001 ). However, because of their high labour-intensity, as well as the high initial and ongoing investment costs, the role of terraces is decreasing (Douglas, Kirkby, Critchley, & Park, 1994; Dunjo, Pardini, & Gispert, 2003; Kiss, Barta, Sümeghy, & Czinege, 2005) . Over the centuries, walls were repaired by labourers, but in the absence of appropriate management or after the abandonment of terraces, soil erosion and slope failures can occur (Lesschen, Cammeraat, & Nieman, 2008; Ruecker, Schad, Alcubilla, & Ferrer, 1998) . Due to secondary succession on terraces (Novák, Incze, Spohn, Glina, & Giani, 2014) , the process of degradation slows down, but the aesthetic value of the landscape is reduced, particularly by the expansion of scrubland on abandoned areas (Antrop, 2003) . According to Angelstam, Boresjö-Bronge, Mikusiński, Sporrong, and Wästfelt (2003) , cultural landscapes are at risk of disappearing due to land abandonment and, as Tarolli et al. (2014) have noted, terraced vineyards are among the most endangered landscapes in Europe. The reasons for the collapse of terraces in the Mediterranean region are well explored (Lasanta et al., 2001; Lesschen et al., 2008) ; however, the destruction of terraced areas is also an important cultural and aesthetic issue in the Central European region (Mojses & Petrovič, 2013; Nyizsalovszki & Fórián, 2007) , and therefore special attention should be paid to their protection. Cyffka and Bock (2008) highlighted the importance of establishing the historical state of landscapes as a way of understanding changes over time, an essential step in beginning the planning process.
Our aims are to identify the extent of vineyard terraces in the Tokaj-Hegyalja wine region, to show their topographic characteristics, based on three topographic factors (slope angle, exposure and elevation) and to analyse the land abandonment process occurring between 1784 and 2010.
Material and methods

Study area
Tokaj-Hegyalja (Figure 1 ) is one of the most famous wine regions of Hungary. This historic vine producing area is located in the foothills of the Zemplén Mountain between the latitudes of 48.05°and 48.24°and includes 27 settlements. Although the border of the study area has changed over the centuries, in this paper we analyse its present-day area (887 km 2 ). The hills of Tokaj-Hegyalja consist of andesite, dacite, riolite and their tuffs from the Miocene, which were covered by aeolian loess in the late glacial periods Figure 1 . Location of the study area (Tokaj-Hegyalja wine region). (Pinczés, 1969) . The study area is dissected by lower mountain ridges and erosional valleys, resulting in a great diversity of microclimatic characteristics within the region (Nyizsalovszki & Fórián, 2007) . In Europe, viticulture is economically viable between the latitudes of 30°and 50°and as Tokaj-Hegyalja is close to the northern edge of this zone, it is highly sensitive to climatic changes (Nyizsalovszki & Fórián, 2007) .
In 2002, Tokaj-Hegyalja was declared a UNESCO World Heritage area in the cultural landscape category due to its traditional viticulture and the interaction between nature and human beings (Nyizsalovszki & Fórián, 2007) .
Methods applied
Identification of terraced vineyards
The spatial presence of vineyard terraces with retaining walls was mapped on aerial photos which were taken in 1952 and 1957. The photos were taken in periods with reduced vegetation, in order to avoid photographing vegetation cover on terraces, which would have made their identification difficult. Aerial photos were georeferenced and transformed into the EOV projection, selecting well-defined fixed points; polygons were then used to cover the areas. The investigation of terraces was supplemented with GPS coordinates recorded during the field trip, where the length, height, width and angle of retaining walls were measured, as well as the length of collapsed sections (Incze & Novák, 2013) .
Topographic characteristics of terraced areas
The topographic characteristics of vineyard terraces were assigned using a digital elevation model derived from the contours of a topographic map (date: 1989, scale: 1:10,000). Slope angles were categorised taking the Hungarian agronomy practice into consideration (<5%, 5.1-12%, 12.1-17%, 17.1-25%, 25.1-35%, 35.1-45% and 45.1%<). Exposure was evaluated by assigning the terraced slopes to the four cardinal -north (N), east (E), south (S) and west (W) -and the four intercardinal directions -northeast (NE), southeast (SE), southwest (SW) and northwest (NW). Based on the elevation, terraced slopes were assigned at 50-metre distance intervals (<150, 150.1-200, 200.1-250, 250.1-300, 300.1-350, 350 .1-400, 400.1-450, 450.1-500 and 500.1 m< a.s.l.).
The distribution of vineyard terraces in terms of their varying slopes, exposures and elevations can be calculated with the 'Zonal Statistics as Table' toolbar of ArcGIS 10 after rasterising polygons using the 'Polygon to raster' command.
Analysis of the abandonment of vineyard terraces between 1784 and 2010
To reconstruct long-term changes (Szilassi, 2003; Szilassi & Kiss, 2001) in the study area between 1784 and 2010, historical and contemporary georeferenced maps were used (Table 1) .
Some of the maps we used (Military Surveys I, II, and III, and Topographic maps from the time of II World War, 1940 -1944 were digitally available and provided with a coordinate system, but since their geodetic precision varies from tens to hundreds of metres (Kanianska, Kizeková, Novácek, & Zeman, 2014) we decided to transform them again into the EOV projection in order to increase the relative accuracy of the maps in relation to each other. The satellite images of Google maps, 2010 were accessible in the EOV projection thanks to the OpenLayer plugin of QGIS, while 1:25000 scale Topography Maps of Hungary, 1969 were available in printed form, and consequently they were scanned, initially at 600 DPI, before being transformed into the EOV projection. In every case the 1:10 000 scale Topography Maps of Hungary in EOTR projection, 1985-89 was used as the reference map during the georeferencing process.
After georeferencing the maps, vineyards were localised visually and then were digitised manually (polygon) on every map.
With the use of the Update tools of ArcGIS 10, the maps were overlaid on top of each other from the oldest to the newest, resulting in six separate intervals (1784-1858, 1858-1884, 1884-1940, 1940-1969, 1969-1989 and 1989-2010) . The given interval shows that the vineyards mapped at the beginning of the period were not identified as vineyards at the end of the period and were therefore abandoned during this time. Finally, the terraced areas were cross-referenced a Mean ± standard deviation for the applied map series. In parenthesis, the number of map sheets belonging to the same map series applied for the study.
with the map of abandoned vineyards in order to identify the time of abandonment.
Results and discussion
Terraced slopes were identified over a 590 ha area, equivalent to 11.3% of the present-day area of vineyards in the Tokaj-Hegyalja wine region. About 574.9 ha (97.7% of the terraced area) were found on hillsides steeper than 17% (Figure 2) , which is in accordance with the usual soil conservation aim, where terracing is recommended on slopes steeper than 12%. The largest area of vineyard terraces occurred on an area with a 25.1-35% slope angle (264.6 ha), followed by hillsides with 35.1-45% (208.3 ha) and 17.1-25% (87.72 ha) slope angles. About 14.3 ha of terraces occurred on hillsides steeper than 45%, while the extent of terraces occurring on slopes under a 17% angle is considered negligible.
In terms of exposure (Figure 3) , 377.7 ha (64.2% of the vineyard terraces) are divided among SW (142.7 ha), S (123.8 ha) and SE (111.2 ha) hillsides. In addition, W (91.6 ha) and E (70.5 ha) exposures can be noted, but the northern slopes accommodate less than 5% of terraces, which confirms the climatological results of Justyák and Tar (1974a, 1974b) who investigated the dominant role of southern, western and eastern slopes in vine cultivation.
In terms of elevation, terraces occurred between 150 and 500 m a.s.l. (Figure 4) , where the intervals of 250.1-300 m (226.2 ha), 300.1-350 m (156.7 ha) and 200.1-250 m a.s.l. (122.6 ha) were found to be the most notable, while the other categories did not feature to any great extent. Boros, Horváth, and Csüllög (2012) noted that up to a height of 250-260 m a.s.l. elevation has a positive effect on the sugar content of grapes, while according to Justyák (1965) a heat surplus can be observed up to a height of 300-350 m a.s.l. on the southern slopes, which explains the location of terraced areas.
The land abandonment process of vineyard terraces ( Figure 5 ) was examined in six consecutive time periods.
The Main Map of vineyard abandonment (scale: 1:120,000) shows that 450.5 ha (77.8% of the terraces) were abandoned between 1884 and 1989. The first substantial abandonment occurred between 1884 and 1940, when 116.3 ha (20.1% of vineyard terraces) were abandoned. In this period, the Phylloxera vastatrix (grape disease) reached the study area (in 1885) and destroyed almost two thirds of the vineyards (Balassa, 1991) . The reconstruction (starting at the beginning of twentieth century) progressed slowly, and was further slowed by the First World War (Balassa, 1991) .
The largest area was abandoned between 1940 and 1969 (180.1 ha, 31.1%), and then again between 1969 and 1989 (154.1 ha, 26 .6%) despite the fact that the extent of vineyards increased significantly during these periods. After the Second World War, Hungary became a member of Comecon and due to the mechanisation of viticulture (Kopsidis, 2008) and forced mass production, terraces inaccessible by machines were abandoned. Land abandonment or land use changes in the study area resulting from political decisions were not unique events. This phenomenon is recognisable in the post-socialist countries of Europe, where the collectivisation and mechanisation of agriculture followed by the political transition and the change to a market-oriented economy caused significant land abandonment and land use changes (Baumann et al., 2011; Bicik, Jelecek, & Stepanek, 2001; Hostert, Kuemmerle, Radeloff, & Müller, 2008; Kanianska et al., 2014; Kuemmerle et al., 2008; Lieskovský et al., 2015; Łowicki, 2008) . These processes were considered to be the main driving forces in the abandonment of vineyards in this area, too (Dobos, Nagy, & Molek, 2014; Lieskovský et al., 2013) .
At present, only 2.4% of terraced areas are under cultivation in the Tokaj-Hegyalja region.
Conclusion
The study illustrates the importance of historic and contemporary maps (with GIS) in the identification of the extent, the topographic characteristics and the land abandonment process of vineyard terraces in the Tokaj-Hegyalja wine region.
Terraced vineyards were found on 590 ha in the study area, 97.7% of which occurred on hillsides steeper than 17%. In terms of exposure, 64.2% of the vineyard terraces were located on SW, S and SE slopes, while in terms of elevation the 250.1-300 m a.s.l. height interval is particularly important.
The process of the abandonment of vineyard terraces was evaluated, based on six consecutive time periods. According to our results, 77.8% of the terraces were abandoned between 1884 and 1989, with the period between 1940 and 1969 being particularly noteworthy.
Although vineyard terraces are part of the world's cultural heritage, in the absence of appropriate management, their collapse may accelerate soil erosion and slope failures. Therefore, the identification of these terraces contributes to the prevention of potential slope stability problems induced by their collapse, and may facilitate the foundation of an effective strategy for their maintenance.
Software
Erdas 2013 was used for the ortorectification of aerial photos. The transformation of maps to the same projection system (EOV) was carried out with QGIS 2.4, while the investigations of the process of abandonment and the topographic characteristics of vineyard terraces were conducted with ArcGIS 10.
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